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(54) Bidirectional signal transmission circuit and bus system 



(57) A bidirectional transmission circuit for input- 
ting/outputting a signal from/onto a bidirectional 
transmission line includes: a transceiver for transmit- 
ting/receiving a signal; a first element having an imped- 
ance; a second element being a short line; and a 
switching unit for coupling the transceiver to the bidirec- 



tional transmission line via the first element when the 
transceiver transmits a signal, and coupling the trans- 
ceiver to the bidirectional transmission line via the sec- 
ond element when the transceiver receives a signal. . 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Tne present invention relates to a bidirec- 
tional signal transmission circuit and a bus system for 
facilitating impedance matching and fast signal transfer. 

Description of the Prior Art 

[0002] As MPUs and memory devices become 
faster, the demand for speeding up data transfer on 
buses is growing In recent years. However, such speed- 
ups also incur difficulties in the proper transfer of data. 
This is because disturbances such as ref lections of sig- 
nals due to a mismatch with a characteristic impedance 
of a transmission line and crosstalk between adjacent 
lines become more serious with increase in data trans- 
fer rate. 

[0003] To avoid such unwanted signal reflections, 
impedance matching is commonly performed by means 
of series termination that inserts a resistor in series with 
a transmission line or parallel termination that inserts a 
resistor between a transmission line and a power or 
ground plane. 

[0004] The series termination couples a resistor In 
series between an output buffer (a driver) and a trans- 
mission line, to match the output Impedance with the 
transmission line impedance and reduce the output 
amplitude. When the transmission line is unidirectional, 
placing the resistor on the output line (i.e. at the output 
port or terminal) of the output buffer is effective. The uni- 
directional transmission line referred to here is a trans- 
mission line that transmits signals only in one direction. 
[0005] Fig. 1 shows an example circuit where series 
termination is applied to an unidirectional transmission 
line. To eliminate an impedance mismatch between an 
output buffer 801 and a unidirectional transmission line 
803 coupled thereto, a resistor 804 is positioned in 
series between the output buffer 801 and the unidirec- 
tional transmission line 803. Let Ro1 be the output 
resistance of the output buffer 801 , Zo be the character- 
istic impedance of the unidirectional transmission line 
803, and flsl be the value of the resistor 804. Then Rs1 
is determined by the equation Rs1=Zo-Ro1 , to match 
the output impedance (Rs1+Rol) with the transmission 
line impedance (Zo) (i.e. to establish the relation 
Rs1+Ro1=Zo). Thus, the resistor 804 serves to match 
the impedance of the output buffer side (output imped- 
ance) lo that of the unidirectional transmission line side 
at a junction between the resfstor 804 and the transmis- 
sion line 803. 

[0006] However, the above series termination is not 55 
applicable to a bidirectional transmission line that trans- 
mits signals in two directions, because in the case ol the 
bidirectional transmission line its both ends will act as 



output ends as well as Input ends. 
[0007] Fig. 2 shows an example circuit where a 
resistor is series-connected to one end of a bidirectional 
transmission line. Suppose Rs1 of a resistor 906 is 
determined in the same way as Fig. 1 . When transmit- 
ting a signal from an output buffer 901 , an output imped- 
ance and an Impedance of a bidirectional transmission 
line 905 match. However, when transmitting a signal 
from an output buffer 903, an impedance mismatch 
occurs due to the absence of a series terminating resis- 
tor between the output buffer 903 and the bidirectional 
transmission line 905, as a result of which signal reflec- 
tions arise. 

[0008] Several impedance matching methods for 
bidirectional transmission lines have been devised in 
recent years through the use of various bus topologies 
and termination techniques. Examples of such methods 
are RSL (Rambus Signaling Logic) proposed by Ram- 
bus, Inc. and SSTL (Stub Series Terminated Logic) 
[EIAJED-5512] standardized by the Electronic Indus- 
tries Association of Japan. Figs. 3 and 4 show example 
circuits that employ RSL and SSTL, respectively. In the 
figures, a portion enclosed by a dashed line shows a 
pair of an output buffer (a driver) and an input buffer (a 
receiver) in greater detail. The output buffer in Fig. 3 is 
an open drain output, whereas the output buffer in Fig. 
4 is a tri-state output. 

[0009] RSL in Fig. 3 is characterized by a restricted 
bus topology where single-stroke configuration with no 
branch lines is adopted to a bus line, in order to ensure 
impedance matching. In SSTL in Fig. 4, on the other 
hand, a bus line is parallel terminated and series termi- 
nating resistors are arranged at branch paints of lines 
branched from the bus line, to match the branch lines to 
the bus line. Thus, SSTL enables impedance matching 
for a bus topology that has branch lines. 
[0010] However, with conventional bus Interfaces, It 
is becoming increasingly difficult to Improve clock fre- 
quencies for faster signal transmission and at the same 
time ensure impedance matching. 
[0011] In the case of RSL In Fig. 3, when mounting 
an LSI (Large-Scale Integration) onto a board, leads 
included In the LSI package will end up being branch 
lines, so that ft Is Impossible to form a bus line of single- 
stroke configuration which contains no branch lines. 
Though such a bus line can operate without problems 
within a frequency range up to the order of some hun- 
dreds of megahertz, at higher frequencies (the order of 
gigahertz) the bus line inevitably suffers signal reflec- 
tions because of the presence oi several branch lines 
(leads) which do not match with the bus line. 
[0012] In the case of SSTL in Fig. 4, the series ter- 
minating resistors arranged at the branch points serve 
to match impedances when signals are transmitted from 
the branch lines to the bus line (output onto the bus line) 
but not when signals are transmitted from the bus line to 
the branch lines (input from the bus line). Therefore, 
such a bus line also suffers signal reflections at high fre- 
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quencles (the order of gigahertz). 
SUMMARY OF THeInVENTIOn"" 

[0013] The first object of the invention is to provide 
a bidirectional signal transmission circuit that ensures 
impedance matching and fast signal transmission with- 
out restrictions on bus topology, regardless of in which 
direction a signal is to be transmitted. 
[0014] The second object of the invention is to pro- 
vide a bus system that facilitates Impedance matching 
and fast signal transmission. 
(001 5J The third object of the invention Is to provide 
a bus Interface that delivers high noise immunity In addi- 
tion to the above stated effects. 
[0016] The first and second objects can be fulfilled 
by a bidirectional transmission circuit for inputting/out- 
putting a signal from/onto a bidirectional transmission 
line, including: a transceiver for transmitting/receiving a 
signal; a first element having an impedance; a second 
element being a short line; and a switching unit for cou- 
pling the transceiver to the bidirectional transmission 
iine via the first element when the transceiver transmits 
a signal, and coupling the transceiver to the bidirec- 
tional transmission line via the second element when 
the transceiver receives a signal. 
[001 7] . With the above construction, the impedance 
on the side of the transceiver varies from the time of sig- 
nal transmission by the transceiver to the time of signal 
reception by the transceiver. Accordingly, the trans- 
ceiver and the bidirectional transmission line can easily 
be matched regardless of whether Ihe transceiver trans- 
mits or receives a signal, and the signal transfer can be 
accelerated. 

[0018] Here, a combined Impedance of an output 
impedance of the transceiver and the impedance of the 
first element may match a characteristic Impedance of 
the bidirectional transmission line. 
[001 9] Here, the first element may be a resistor. 
[0020] With the above construction, the first ele- 
ment with the proper impedance can easily be realized 
by means of a resistor, and the second element can 
easily be realized by means of a wire or a pattern on a 
printed board. 

[0021 J Here, the first element may be a driver that 
amplities an output current of the transceiver. 
[0022] With the above construction, the impedance 
matching is ensured by matching the transceiver to the 
bidirectional transmission line or by matching the bidi- 
rectional transmission line to the transceiver. Further, 
even when the current drive ability of the transceiver is 
low, such a drive ability is appropriately adjusted by 
equipping with a driver that has a drive ability respon- 
sive to the load on the bidirectional transmission line. 
[0023] Here, the first element may be a combination 
of a resistor and a driver that amplifies an output current 
of the transceiver. 

[0024] With the above construction, not only the 



stated effect due to the driver can be achieved but also 
the proper impedance of the first element can be 
altained by the resistor. 

[0025] Here, the switching unit may have a first 
5 switching element and a second switching element 
which Inversely toggle between an on state and an off 
state, wherein the first switching element and the first 
element are connected in series to form a first series cir- 
cuit, the second switching element and ihe second ele- 
10 ment are connected in series to form a second series 
circuit, and the first series circuit and the second series 
circuit are connected in parallel between the transceiver 
and Ihe bidirectional transmission fine. 
[O026] With the above construction, the first or sec- 
15 ond element is coupled to either the transceiver or the 
bidirectional transmission line via the first or second 
switching element. The first and second switching ele- 
ments can be implemented at low cost by, for instance, 
FET switches. 

20 [0027] Here, the switching unit may have a first 
switching element and a second switching element 
which inversely toggle between an on state and an off 
state and a third switching element and a fourth switch- 
ing element which inversely toggle between the on state 

25 and the off state, wherein the first switching element 
and the third switching element simultaneously toggle 
into a same state, the first switching element, the first 
element, and the third switching element are connected 
in series in the stated order, to form a first series circuit, 

30 . the second switching element, the second element, and 
the fourth switching element are connected In series in 
the stated order, to form a second series circuit, and the 
first series circuit and the second series circuit are con- 
nected in parallel between the transceiver and the bidi- 

35 rectional transmission line. 

[0028] With the above construction, the first or sec- 
ond element is coupled between the transceiver and the 
bidirectional transmission line through switching ele- 
ments connected to both sides of the first or second ele- 

40 ment. Accordingly, when no connection is required, the 
first and second elements are completely discoupled 
from the transceiver and the bidirectional transmission 
line, with it being possible to eliminate any isolated line 
portions which are not electrically terminated. 

45 [0029] Here, the first switching element and the 
second switching element may inversely toggle in 
response to one of a write signal and an output enable 
signal given to the transceiver. 
[0030] With the above construction, the first and 

so second switching elements inversely toggle in response 
to a write signal or an output enable signal, so that the 
connection state can be switched between the first ele- 
ment and the second element with the input/output lim- 
ing of the transceiver. 

55 [0031] The second object can also be fulfilled by a 
bus system for transmitting an address and data 
between a first LSI (Large Scale Integrated Circuit) that 
performs an access and a second LSI that is to be 
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accessed, including: a first unidirectional bus for trans- 
mitting an address and data outputted from the first LSI, 
to the second LSI; and a second unidirectional bus lor 
transmitting data outputted from the second LSI, to the 
first LSI, wherein when the first LSI performs a write 
access, a write address and write data are transmitted 
through the first unidirectional bus, and when the first 
LSI performs a read access, a read address is transmit- 
ted through the first unidirectional bus and read data is 
transmitted through the second unidirectional bus. 
[0032] With the above construction, the write 
access and the read access from the first LSI to the sec- 
ond LSI are carried out using only unidireclional buses, 
so that impedance matches are easily attained. 
[0033] Here, signal lines included in the first unidi- 
rectional bus and signal lines included in the second 
unidirectional bus may be alternately routed. 
[0034] The third object can be fulfilled with this con- 
struction. That is to say, by alternately routing the signal 
lines included in the first unidireclional bus with the sig- 
nal Jines included in the second unidirectional bus, inter- 
ference such as crosstalk is suppressed and noise 
immunity is improved. 

[0035] Here, in at least one of the first LSI and the 
second LSI, input and output terminals that correspond 
to the alternately routed signal lines may be alternately 
placed. 

[0036] With the above construction, the input termi- 
nals and the output terminals are alternately arranged in 
the LSI, which further benefits the noise immunity. 
[0037] Here, in the write access Ihe write data may 
be transmitted through the first unidirectional bus after 
the write address. 

[0038] With the above construction, the write 
address and the write data are time division multiplexed 
on the first unidirectional bus, so that the number of ter- 
minals to be mounted In the first and second LSIs can 
be minimized. 

[0039] Here, the bus system may further include a 

maintaining unit for maintaining, while at least one of the 

first unidirectional bus and the second unidirectional 

bus is idle, a potential of Ihe idle bus at a fixed level 

which is one of a low level and a high level. 

[0040] With the above construction, the potential of 

the bus that is being idle is held at the fixed level, which 

further benelits the noise immunity. 

[0041] Here, the maintaining unit may maintain the 

potential of the idle bus at the fixed level at both ends of 

the idle bus. 

[0042] With the above construction, the potential of 
the bus that is being idle is held at the fixed level at both 
ends of the bus, so that the time taken for attaining the 
lixed potential across the bus Is shortened and the 
transmission speed Is increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] These and other objects, advantages and 



features of the invention will become apparent from the 
following description thereof taken in conjunction with 
the accompanying drawings that illustrate a specific 
embodiment of the invention. In the drawings: 

5 

Fig. 1 shows an example circuit where a terminat- 
ing resistor is coupled in series to a unidirectional 
transmission line; 

Fig. 2 shows an example circuit where a terminat- 
10 ing resistor is coupled in series to one end of a bidi- 
rectional transmission line; 
Fig. 3 shows an example circuit that employs RSL; 
Fig. 4 shows an example circuit that employs SSTL; 
Fig. 5 shows an example circuit that uses 
15 Thevenin's termination; 

Fig, 6 shows an example circuit that uses diode ter- 
mination; 

Fig. 7 shows the construction of a bidirectional sig- 
nal transmission circuit according to the first 
20 embodiment of the invention; 

Fig. 8 shows an example circuit of a switching unit 
in Fig. 7; 

Fig. 9 shows the construction of a bidirectional sig- 
nal transmission circuit according to the second 

25 embodiment of the invention; 

Fig. 10 shows the construction of a bidirectional sig- 
nal transmission circuit according to the third 
embodiment of the invention; 
Fig. 1 1 shows the construction of a bidirectional slg- 

30 nal transmission circuit according to the fourth 
embodiment of the invention; 
Fig. 12 shows the construction of a bidirectional sig- 
nal transmission circuit according to the fifth 
embodiment of the Invention; 

35 Fig. 13 shows the construction of a bidirectional sig- 
nal transmission circuit according to the sixth 
embodiment of the invention; 
Fig: 14 shows a variant of the above bidirectional 
signal transmission circuits; 

40 Fig. 15 shows the construction of a bus system 
according to the seventh embodiment of the Inven- 
tion; 

Fig. 16A is a write timing diagram for the bus sys- 
tem shown in Fig. 15; 
45 Fig. 16B is a read timing diagram for the bus system 
shown in Fig. 15; 

Fig. 17 shows a variant of the bus system shown in 
Fig. 15; 

Fig. 1 8A Is a write timing diagram for the bus sys- 
50 tern shown In Fig. 17; 

Fig. 1 8B Is a read timing diagram for the bus system 
shown In Fig. 17; 

Fig. 19 shows the construction of a bus system 
according to the eighth embodiment of the inven- 
55 tion; 

Fig. 20A is a write timing diagram for the bus sys- 
tem shown in Fig. 19; 

Fig. 20B is a read timing diagram for the bus system 
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shown In Fig. 19; 

Fig. 21 shows the construction of a bus system 
according to the ninth embodiment of the invention; 
Fig. 22 shows a variant of the bus system shown in 
Fig. 21; 

Fig. 23 shows an example circuit of one of the 

switches shown in Fig, 22; and 

Fig. 24 shows an example circuit where damping 

resistors are added to the bus system shown in Fig. 

22. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS) 

[0044] The following is a description of embodi- 
ments of the present invention with reference to the fig- 
ures. 

First Embodiment 

[0045] Fig. 7 shows the construction of a bidirec- 
tional signal transmission circuit according to the first 
embodiment of the invention. In the figure, a bidirec- 
tional transmission line 105 is a transmission line 
(whose characteristic impedance is Zo) for transmitting 
signals fn two directions. This bidirectional transmission 
line 105 Is one of bus lines constituting a bidirectional 
bus, such as a data bus, which connects semiconductor 
devices JC1 and IC2. 

[0046] Ah I/O (Input/Output) circuit 120 is equipped 
within semiconductor device IC1 for inputting/outputting 
signals, and is mainly made up of an output buffer 101 
(whose output resistance Is Ro1) and an input buffer 
102. 

[0047] An I/O circuit 121 Is equipped within semi- 
conductor device IC2 for Inputting/outputting signals, 
and is mainly made up of an output buffer 103 (whose 
output resistance is Ro2) and an input buffer 104. 
[0048] A switching unit 106 assumes either of two 
states; namely series termination and short, between 
the bidirectional transmission line 105 and the I/O circuit 
120. The switching unit 106 includes a series termlnal- 
ing resistor 108 (whose resistance is Rs1), a wire 109 
for causing a short, and a switch 107. The switch 107 
changes its connection to the resistor 108 when the I/O 
circuit 1 20 outputs a signal, and to the wire 1 09 when 
the I/O circuit 120 inputs a signal (or except when the 
I/O circuit 1 20 oulputs a signal). 
[0049} A switching unit 1 10 assumes either of two 
states, series termination and short, between the bidi- 
rectional transmission line 105 and the I/O circuit 121. 
The switching unit 110 includes a series terminating 
resistor 112 (whose resistance is Rs2), a wire 113 for 
causing a short, and a switch 111. The switch 111 
changes its connection to the resistor 112 when the I/O 
circuit 121 outputs a signal, and to the wire 113 when 
the I/O circuit 1 21 inputs a signal (or except when the 
I/O circuil 121 outputs a signal). 



[0050] Here, the resistance Rsl of the resistor 108 
is such that Rs1 ^Zo-Ro1 '. As a result, when the I/O cir- 
cuit 120 outputs a signal (i.e. when the I/O circuit 121 
inputs a signal) impedance matching is established at 
5 the left end of the bidirectional transmission line 105. In 
a like manner, the resistance Rs2 ol the resistor 1 12 is 
such that Rs2=Zo-Ro2 . The wires 1 09 and 1 1 3 may be 
implemented by patterns on a printed board or resistors 
of oa 

io [0051] Fig. 8 shows an example circuit of the 
switching unit 106 shown In Fig. 7. In the figure, the 
switch 107 is made up of FET (Field-Effect Transistor) 
switches 201 and 202, and a read/write signal Is applied 
to the gates of the FET switches 201 and 202. This 

15 read/write signal is outputted by IC1 acting as a bus 
master. When the read/write signal is low, a write Is indi- 
cated, whereas when the read/write signal Is high, a 
read (or anything other than a write) is indicated. 
[0052] In the output oi the I/O circuit 120 (I.e. when 

20 a write Is indicated), the FET switch 201 is on, so that 
the I/O circuit 120 is coupled to the resistor 108. Mean- 
while, In the input of the I/O circuit 120 (when a read is 
indicated), the FET switch 202 is on, so that the I/O cir- 
cuit 120 Is coupled to the wire 109. The switching unit 

25 1 10 is constructed in the same way as shown in Fig. 8. 
[0053] Though the FET switches 201 and 202 are 
used in Fig. 8, other types of switches such as TTL 
(Transistor-Transistor Logic) switches and optical 
switches may be. used for switching the connection 

30 between the I/O circuit 120 and the bidirectional trans- 
mission line 105. 

[0054] Also, though the switches 107 and 111 are 
positioned respectively on the sides of the I/O circuits 
120 and 121 in Fig. 7, they may instead be positioned 

35 on the sides of the bidirectional transmission line 105. 
Further, though the series terminating resistors 1 08 and 
112 are used in Fig. 7, other impedance components 
such as inductors or capacitors may instead be used for 
series termination. 

40 [0055] The above constructed bidirectional signal 
transmission circuit operates in the following manner. 
[0056] To transmit a signal from the output buffer 
101, the switch 107 in the switching unit 106 is con- 
nected to the resistor 108, and ihe switch 111 in the 

45 switching unit 110 is connected to the wire 1 13. Since 
such a read/write signal as shown In Fig. 8 causes 
these connections, output data has been guaranteed as 
valid by Ihis time. This being so.the impedances 
between the output buffer 101 and the bidirectional 

so transmission line 1 05 match due to the resistor 1 08, The 
signal oulputted from the output buffer 101 travels to the 
input buffer 104 through the resistor 108, the bidirec- 
tional transmission line 105, and the wire 113. 
[0057] On the other hand, to transmit a signal from 

55 the output buffer 103. the switch 111 in the switching 
unit 1 1 0 is connected to the resistor 1 1 2 and the switch 
107 in the switching unit 106 is connected to the wire 
109. In this state, the impedances between the output 
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buffer 103 and the bidirectional transmission line 105 
match due to the resistor 1 1 2. The signal oulputted from 
the output buffer 103 travels to the input buffer 102 
through 1he resistor 112, the bidirectional transmission 
line 105, and the wire 109. 5 
[0058] Thus, the bidirectional signal transmission 
circuit of the first embodiment switches between the 
series termination state and the short state at each end 
of the bidirectional transmission line, in accordance with 
the signal transmission direction. As a result, imped- w 
ance matching is ensured at both ends of the bidirec- 
tional transmission line, regardless of in which direction 
the signal is transmitted. 

[0059] Here, EMI (ElectroMagnelic Interference) 
reduction components such as EMI filters may be sub* 15 
stituted for the series terminating resistors, with it being 
possible to deliver not only impedance matching but 
also EMI reduction. 

Second Embodiment 20 

[0060] Fig; 9 shows the construction of a bidirec- 
tional signal transmission circuit according to the sec- 
ond embodiment of the Invention. This bidirectional 
signal transmission circuit differs with that shown In Fig, 25 
7 in that switching units 301 and 303 have replaced the 
switching units 106 and 110. Construction elements 
which are the same as those in Fig. 7 have been given 
the same reference numerals and their explanation has 
been omitted, so that the following explanation will focus so 
on the differences with the first embodiment. 
[0061 J The switching units 30 1 and 303 a re different 
with the switching units 106 and 110 in that they are 
equipped respectively with buffer amplifiers 302 and 
304 for amplifying signals instead of the resistors 1 08 35 
and 112. 

[0062] The buffer amplifier 302 is a buffer amplifier 
whose output resistance is approximately equal to the 
impedance Zo of the bidirectional transmission line 105. 
Accordingly, in the output of the I/O circuit 1 20 imped- 40 
ances are matched between the buffer amplifier 302 
and the bidirectional transmission line 105. Here, the 
gain (drive ability) of the buffer amplifier 302 Is prefera- 
bly determined depending on the load on the bidirec- 
tional transmission line 105, that is, the number of 45 
circuits coupied to the bidirectional transmission line 
105. 

[0063] The same holds true for the bulfer amplifier 
304. 

[0064] Thus, the bidirectional signal transmission 50 . 
circuit of the second embodiment not only ensures 
impedance matching but also varies the signal drive 
ability by changing the type of the buffer amplifiers 302 
and 304 in accordance with the signal transmission 
direction and the transmission line load. 55 
[0065] Also, by including the buffer amplifiers 302 
and 304, the bidirectional signal transmission circuit of 
the second embodiment lends itself for use even when 



the output buffers 101 and 103 In Id and IC2 have low 
drive abilities.- 

Third Embodiment 

[0066] Fig. 10 shows the construction of a bidirec- 
tional signal transmission circuit according to the third 
embodiment of the Invention. This bidirectional signal 
transmission circuit differs with that shown in Fig. 7 in 
that switching units 401 and 403 have replaced the 
switching units 106 and 110. Construction elements 
which are the same as those in Fig. 7 have been given 
the same reference numerals and their explanation has 
been omitted, so that the following explanation will focus 
on the differences with the first embodiment. 
[0067] In the switching units 401 and 403, series 
terminating resistors 108 and 112 have different resist- 
ances from those in the switching units 106 and 110, 
and buffer amplifiers 402 and 404 for amplifying signals 
are newly equipped. 

[0068] The buffer amplifiers 402 and 404 are 
arranged at stages immediately preceding the respec- 
tive series terminating resistors 108 and 112 (I.e. on the 
sides of IC1 and IC2 with respect to the resistors 108 
and 112). 

[0069] Let Ro1 1 and Ro22 be output resistances of 
the respective buffer amplifiers 402 and 404. Then the 
resistances Rs1 and Rs2 of the respective resistors 108 
and 112 are such that Rs1=Zo-Ro11 and 
Rs2=Zo-Ro22 . 

[0070] When compared with Fig. 9, the resistors 
108 and 1 12 have been added in Fig. 10. These resis- 
tors 108 and 1 12 are used as regulators for matching 
the buffer amplifiers 402 and 404 to the bidirectional 
transmission line 105. Since the resistors 10B and 112 
are only required to have the resistances Rs1 and Rs2 
which satisfy the above equations, they may be imple- 
mented not by physical resistors but by patterns on a 
printed board. In such a case, the proper resistances 
Rs1 and Rs2 are attained through appropriate adjust- 
ment of those patterns in width and length. 
[0071] Thus, by Including the buffer amplifiers 402 
and 404 between the output buffers 101 and 103 In IC1 
and IC2 and the bidirectional transmission line 105, the 
bidirectional signal transmission circuit of the third 
embodiment renders itself suitable even when the out- 
put buffers 101 and 103 have low drive abilities. 
[0072] Also, by including the series terminating 
resistors 108 and 112 to attain impedance matches 
between the buffer amplifier 402 and the bidirectional 
transmission line 105 and between the buffer amplifier 
404 and the bidirectional transmission line 105, the bidi- 
rectional signal transmission circuit of the third embodi- 
ment allows the range of types of component that can 
be chosen as the buffer amplifiers 402 and 404 to be 
extended (the only constraint for the buffer amplifiers 
402 and 404 being to satisfy Ro1 1 <Zo and Ro22<Zo). 
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Fourth Embodiment 

[0073] Fig/ 1 1 shows the construction of a bidirec- 
tional signal transmission circuit according to the fourth 
embodiment of the invention. This bidirectional signal 5 
transmission circuit differs with that shown in Fig. 7 in 
that switching units 501 and 503 have replaced the 
switching units 106 and 110. Construction elements 
which are the same as those in Fig. 7 have been given 
the same reference numerals and their explanation has 10 
been omitted, so that the following explanation will focus 
on the differences with the first embodiment. 
[0074] When compared with the switching units 1 06 
and 110, the switching units 501 and 503 further Include 
switches 107a and 111a and parallel terminating resls- ts 
tors 502 and 504, respectively. 
[0075] The switch 107a changes its connection in 
sync with the switch 107. whereas the switch 111a 
changes its connection in sync with the switch 111. The 
switches 1 07a and 111a may be constructed as shown 20 
in Fig. 8. 

[0076] The parallel terminating resistor 502 is cou- 
pled to the wire 109 and has a resistance of Rtl and a 
termination potential of Vt1. The resistance Rt1 is such 
that Rt1=Zo, to ensure impedance matching between 25 
the wire 109 and the bidirectional transmission line 1 05. 
[0077J The parallel terminating resistor 504 is cou- 
pled to the wire 113 and has a resistance of Rt2 and a 
termination potential of Vt2. The resistance Rt2 is such 
that Rt2=Zo , to ensure impedance matching between 30 
the wire 1 1 3 and the bidirectional transmission line 1 05. 
[0078] Since the parallel terminating resistors 502 
and 504 are equipped in this embodiment, the series 
terminating resistors 108 and 112 may be replaced by 
short circuits. 35 
[0079] Also, though the resistor termination tech- 
nique is employed for parallel termination In this embod- 
iment, other parallel termination techniques such as 
Thevenin's termination shown in Fig. 5 or diode termi- 
nation shown in Fig. 6 are also applicable. 40 
[0080] Thus, the bidirectional signal transmission 
circuit of the fourth embodiment performs parallel termi- 
nation at one end of the bidirectional transmission fine 
1 05 depending on in which direction a signal is transmit- 
ted. Accordingly, impedance matches are attained at 45 
both ends of the bidirectional transmission line 105, 
regardless of the signal transmission direction. 

Fifth Embodiment 

50 

[0081] Fig. 12 shows the construction of a bidirec- 
tional signal transmission circuit according to the fifth 
embodiment of the invention. This bidirectional signal 
transmission circuit dilfers with that shown in Fig. 7 in 
that output enable signals 603 and 606 are respectively 55 
inputted in the output buffers 101 and 103 in IC1 and 
IC2 and then fed to the switches 107 and 111. When 
compared to Fig. 8, not the read/write signals but the 



output enable signals 603 and 606 are applied respec- 
tively to the gates of the switches 107 and 1 11. 
[0082] With this construction, the switching units 
106 and 1 10 operate in sync with the output enable sig- 
nals 603 and 606 given from the output buffers 101 and 
103 in IC1 and JC2. Accordingly, when an output buffer 
of IC1 or I C2 outputs a signal to an input buffer at the 
other end, valid data can be transferred with greater reli- 
ability at higher speed. 

[0083] Note here that, though the output enable sig- 
nals 603 and 606 are active low in this embodiment, 
they can be made active high by replacing the FET 
switches 201 and 202 in Fig. 8 with each other. 
[0084] Also, the construction of the fifth embodi- 
ment may apply to not only the first embodiment but 
also any of the second to fourth embodiments. 
[0085] Further, though switching units of the same 
type are placed at both ends of the bidirectional trans- 
mission line 105 in each of the above embodiments, 
switching units of different types, e.g. the switching unit 
106 In the first embodiment and the switching unit 503 In 
the fourth embodiment, may be placed at both ends of 
the bidirectional transmission line 105. 

Sixth Embodiment 

[0086| The sixth embodiment deals with a bidirec- 
tional transmission line with branch lines. Fig. 13 shows 
the construction of a bidirectional signal transmission 
circuit according to the sixth embodiment of the inven- 
tion. Here, one of bus lines that constitute a bus is illus- 
trated. 

[0087] In the figure, parallel terminating resistors 
723 and 724 are arranged at both ends of a bidirectional 
transmission line (bus line) 722, and I/O circuits 730, 
731, and 732 are branched from the bidirectional trans- 
mission line 722 via switching units 707, 714, and 721 
and stubs 703, 710, and 717, respectively. The I/O cir- 
cuits 730, 731, and 732 are equipped within respective 
semiconductor devices IC1, IC2, and IC3. 
[0088] The I/O circuit 730 Includes an output buffer 
701 (whose output resistance is Rol) and an Input 
buffer 702. Likewise, the I/O circuit 731 Includes an out- 
put buffer 708 (whose output resistance Is Ro2) and an 
input buffer 709, and the I/O circuit 732 Includes an out- 
put buffer 71 5 (whose output resistance Is Ro3) and an 
input buffer 716. 

[0089] Let Z1 be the characteristic Impedance of 
each of the stubs 703, 710, and 717, Zo be the charac- 
teristic impedance of the bidirectional transmission line 
722, and Rt be the resistance of each of the parallel ter- 
minating resistors 723 and 724. Then Z1 and Rt are 
determined by the equations Zo=2xZ1 and Rt=Zo . 
[0090] The switching units 707, 714, and 721 are 
constructed similar to the switching unit 106 shown in 
Fig. 7. In this embodiment, however, resistances Rs1, 
Rs2, and Rs3 of resistors 706, 713, and 720 in the 
respective switching units 707, 714, and 721 are deter- 
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mined such that Rs1=Z1-Ro1 , Rs2:=Z1-Ro2 , and 

-Rs3=Z1-Ro3. - 

[0091] The above constructed bidirectional signal 
transmission circuit operates in the following fashion. 
[0092] When the output buffer 701 outputs a signal, s 
a switch 704 in the switching unit 707 is connected to 
the resistor 706, so that the signal flows through the 
resistor 706 onto the bidirectional transmission line 722. 
Since Zo=2xZ1 , impedances are matched at the T 
branch point between the stub 703 and the bidirectional w 
transmission line 722. The signal flowing onto the bidi- 
rectional transmission line 722 travels in two directions 
toward both ends of the bidirectional transmission line 
722 where impedance matches are attained by the par- 
allel terminating resistors 723 and 724. 15 
[0093] Meanwhile, part of the signal on the bidirec- 
tional transmission line 722 flows through the switching 
units 714 and 721 to the stubs 710 and 717, respec- 
tively. Here, switches 711 and 718 in the respective 
switching units 714 and 721 are connected to wires 712 20 
and 719 for causing shorts, so that the part of the signal 
is guided through the wires 712 and 719 toward the 
input buffers 709 and 716. 

[0094] As described above, in the bidirectional sig- 
nal transmission circuit of the sixth embodiment, at least 25 
one parallel terminator is arranged on the bidirectional 
transmission line, so that impedance matches are 
attained at both ends of the transmission line. Also, the 
I/O circuits are coupled to the bidirectional transmission 
line via the switching units and the stubs, so that imped- 30 
ance matches are attained at branch points between 
the transmission line and the I/O circuits. 
[0095] While each of the switching units is equipped 
outside IC1 and IC2 in the first to sixth embodiments, 
the switching unit may be built wilhln IC1 or IC2. In such 3s 
a case, an output line of an output buffer and an Input 
line of an Input buffer in an I/O circuit may be separated" 
so as to remove an Internal switch from the switching 
unit. In Fig. 14, for example, the switches 107 and 1 1 1 
present In the respective switching units 1 06 and 1 1 0 in 40 
Fig. 7 have been removed. 



[0096] Fig. 1 5 shows the construction of a bus sys- as 
tern according to the seventh embodiment ol the inven- 
tion. 

[0097] In the figure, reference numeral 1001 
denotes a master LSI such as a CPU or a memory con- 
troller that performs accesses, whereas reference so . 
numeral 1002 denotes a slave LSI such as a memory 
that is to be accessed via buses. The master LS1 1001 
and the slave LS1 1002 are coupled by a unidirectional 
bus ADW[15:0] made up of bus lines ADW[15] to 
ADW(0] and a unidirectional bus AD R| 15:0] made up of 55 
bus lines ADR[15) to ADH(0]. Here, numbers written in 
the brackets [ ] represent bit weights on one or more bus 
lines. As examples, [15:01 denotes bit weights from the 



15th power of 2 to the 0th power of 2, and [15] denotes 
a bit weight of the 15th power of 2. Though not illus- 
trated, bus ADW[15:0| is equipped with such series ter- 
minating resistors as shown, in Fig. 1 on the side of the 
master LS1 1001 and such parallel terminating resistors 
as shown in Fig. 5 or Fig. 6 on the side of the slave LSI 
1002. Also, though not illustrated, bus ADR[15:0] is 
equipped with such series terminating resistors as 
shown in Fig. 1 on the side of the slave LSI 1002 and 
such parallel terminating resistors as shown in Fig. 5 or 
Fig. 6 on the side of the master LS1 1001 .' It is desirable 
to place these series terminating resistors as close to 
output buffers as possible and the parallel terminating 
resistors as ctose to input buffers as possible. By doing 
so, impedances are easily matched, since the master 
LS1 1 001 and 1he sfave LS1 1 002 are coupled by the uni- 
directional buses instead of a bidirectional bus. It is to 
be noted that these terminating resistors are not 
needed if the output resistance of each output buffer is 
approximately equal to the impedance of a bus line cor- 
responding to the output buffer. 
[0098] Reference numeral 1009a denotes a unidi- 
rectional transmission line that carries a clock signal 
from the master LS1 1001 to the slave LS1 1002. 
[0099] Reference numeral 1009b denotes a unidi- 
rectional transmission line that carries a strobe signal 
from the master LS1 1001 to the slave LS1 1002 to pro- 
vide timing for the start of an access and the output of a 
valid address. As for transmission lines which carry 
other control signals such as a read/write signal, they 
are not the main features of the invention and so their 
explanation is omitted here. 

[0100] Bus ADW[15:0] Is a unidirectional bus that 
carries signals Irom the master LSI 1001 to the slave 
LSI 1002. When the master LSI 1001 performs a write 
access, bus ADW[15:0] is used to transmit a write 
address (Address[13:0]) and write data (Dataout[15:0]) ( 
whereas when the master LSI 1001 performs a read 
access, bus ADW[15:0] is used to transmit a read 
address (Add ress[ 13:0]). 

[0101] Bus ADR(15:0] is a unidirectional bus thai 
carries signals from the slave LSI 1002 to the master 
LS1 1 001 . When the master LSJ 1 001 performs the write 
access, bus ADR[15:0] is idle, whereas when the mas- 
ter LS1 1001 performs the read access, bus ADR[15:0] 
is used to transmit read data (ADout[15:0J). It is prefer- 
able to alternately route the bus lines of bus ADW[15:0] 
and the bus lines of bus AOR[15:0] on a printed board, 
so as to suppress crosstalk between adjacent lines. 
[0102] The master LSI 1001 is provided with bus 
interfacing circuitry which is made up of an output 
switching unit 1003, selectors 1004n-1004a, output 
bulfers (drivers) 1005M005a, and input buffers (receiv- 
ers) 1O06p- 1006a (the output buffers and the input buff- 
ers are partly omitted in Fig. 15). In the figure, 
Address[13:0] denotes a write/read address generated 
in the master LSI 1001, Dataout[15:0) denotes write 
data supplied from a register or the like in the master 
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LSI 1001, and Datain[15:0] denotes read data inputted 
Into a register or the like in the master LS1 1 001 . 
[0103] As with the above alternately routed bus 
lines, In the master LSI 1001 it is preferable to alter- 
nately place the input buffers with input terminals cou- 5 
pled thereto and the output buffers with output terminals 
coupled thereto. 

[01 04] The output switching unit 1003 controls the 
selectors 1004n-1004a, In write access, the output 
switching unit 1003 has the selectors 1004n-1004a w 
select Address[l3:0] and then Dataout(15:2). in read 
access, Ihe output switching unit 1003 has the selectors 
1004n-1004a select Address[13:0], The selection of 
Address[13:0] is done in sync with the strobe signal. 
Which Is to say, the output switching unit 1003 has Ihe is 
selectors 1004n-1004a select Address[1 3:0] while Ihe 
strobe signal is active. 

[0105] The selectors 1004n-1004a are given 
Address[1 3:0) and Dataout[1 5:2] and select one of them 
under control of the output switching unit 1003. Specili- zo 
cally, the selectors 1004n-1004a act as a multiplexer for. 
time division multiplexing Address[13:0] and 
Dataout(15:2] on bus lines ADW(1 5:2]. 
[0106] The output buffers 1005rand 1005q respec- 
tively oulput the clock signal CLK and the strobe signal 25 
STRB onto the transmission lines 1009a and 1009b. 
The output of an address and the input/oulput of data by 
the master LSI 1001 are carried out in sync with the 
clock signal CLK. 

[0107] The output buffers 1005p-1005c oulput 30 
Address[13:0] or Dataout[15:2] selected by the selec- 
tors 1004n-1004a, onto bus lines AD W[ 15:2]. 
[0108] The output buffers 1005b and 1005a output 
Dataout[1 :0] onto bus lines ADWJ1 :0), in write access. 
[0109] The input buffers 1006p-1006a receive read 35 
data from bus ADR[15:0) in read access, and pass the 
read data to a register in the master LSI 1001 as 
Datain[15:0]. 

. [0110] The slave LSI 1002 is provided with bus 
interfacing circuitry which is made up of input buffers 40 
10O7MO07a and output buffers 1008p-1008a (the out- 
put and input buffers are partly omitted in Fig. 15). In the 
figure, ADin[15:2] denotes a 13-bit read/write address 
and the higher order 13 bits of write data which have 
been time division multiplexed on bus lines ADW[15:2], 45 
AOin[l:0] denotes the lower order 2 bits of the write 
data, and ADout[15:0] denotes read data supplied from 
inside the slave LSI 1002. 

[0111] As with the master LS1 1001, in the slave LSI 
1 002 it is preferable to alternately place the input buffers so 
with their input terminals and the output buffer with their 
output terminals. 

[0112] The input buffers 1007r and 1007q respec- 
tively receive the clack signal CLK and the strobe signal 
STRB from the transmission lines 1009a and 1009b.. 55 
The input of an address and the input/output of data by 
the slave LS1 1 002 are carried out in sync with the clock 
signal CLK. 
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[0113] The input buffers 1007p-1007c receive an 
address and data from bus lines ADW[15:2] and output 
them to an internal latch or the like as ADin[15:2]. Here, 
to separate the address from the data with which it has 
been time division multiplexed, the address is held in an 
address latch (not illustrated) in the slave LSI 1002 in 
sync with the strobe signal STRB. Meanwhile, the data . 
that follows the address is written through an Internal 
circuit (e.g. a data latch, a data register, or a write data 
buffer) (not Illustrated) into memory cells specified by 
the address. 

[0114] The input buffers 1007b and 1007a receive 

data from bus lines ADW[1 :0]. 

[0115] The output buffers 1008p-1008a output read 

data ADout[1 5:0] onto bus ADR[1 5:0]. 

[01 16] The operation of the above constructed bus 

system Is explained below. 

[0117] Figs. 16A and 16B are respectively a write 
timing diagram and a read timing diagram for the bus 
system in Fig. 15. Here, Ihe bus system executes the 
burst transmission for 4 reads/writes, namely the opera- 
tion of writing/reading 4 consecutive sets of data in sync 
with the clock signal CLK after an address is inputted in 
the slave LS1 1002. The diagonally shaded areas in the 
figures represent "don't care" states where the output 
may be any of high level, low level, and high impedance. 
[0118] First, the write access is explained below 
with reference to Fig. 16A. 

(Cycles TO and T1) 

[0119] The master LS1 1001 outputs Address[13:0] 
and asserts the strobe signal STRB on the rising edge 
of the clock signal CLK at the start of cycle TO, In this 
example, the strobe signal STRB is active low. 
[0120] To be more specific, the output switching unit 
1003 is triggered by the rising edge of the clock signal 
CLK at the start of cycle TO to have the selectors 1004n- 
1004a select Address[13:0]. As a result, Address[1 3:0] 
is outputted via the output buffers 1005p-1005c onto 
bus lines ADW[15:2). Concurrently, the strobe signal 
STRB is asserted to guarantee the validity of 
Address[13:0]. During this period, bus lines ADW[1:0] 
and bus AOR[15:0] stay in idle, "don't care" states. The 
output of Address[13:0] and the assertion of the strobe 
signal STRB end with the rising edge of the clock signal 
CLK at the start of cycle T2. 
[0121] Meanwhile, the master LSI 1001 outputs a 
read/write signal (not Illustrated) to the slave LSI 1002 
to Inform the latter of the execution of the write access. 

(Cycles T2 and T3) 

[0122] After this, the master LS1 1 001 outputs write 
data Dataout(15:0] (W1[15:0) In Fig. 16A) that has been 
made valid with the rising edge of Ihe clock signal CLK 
at the start of cycle T3, onto bus ADW[1 5:0). 
[0123] More specifically, the output switching unit 
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1003 has the selectors I004n- 1004a select 
Dataout[1 5:2] before the rising edge at the start of cycle 
T3. Consequently, Oataout[15:0) (W1[15rOJ) Is output- 
ted from the output buffers 1005p-1005a onto bus 
ADW[15:0). 5 

(Cycles T4-T6) 

[0124] In a like manner, the master LSI 1001 out- 
puts W2(15:0], W3[15:0], and W4[15:0] which have to 
been made valid on the rising edges at the start of 
respective cycles T4, T5, and T6, onto bus ADW[15:0]. 
[0125] In cycles T3-T6, the slave LS1 1002 captures 
W1[15:0]-W4[15:0] from bus ADW[15:0] via the Input 
buffers 1007p-1007a and writes them into its internal 15 
register or the like in sequence. 
[0126] Next, the read access is explained below 
with reference to Fig. 16B. 

(Cycles TO and T1) 20 

[0127) The master LS1 1001 outputs Address! 13:0] 
and asserts the strobe signal STRB on the rising edge 
of the clock signal CLK at the start of cycle TO. Here, the 
strobe signal STRB is active low. This operation is anal- 2s 
ogous to cycles TO and T1 in Fig. 1 6A. 
[0128] The master LSI 1001 also outputs a 
read/write signal (not illustrated) to the slave LSI 1002 
to inform the latter of the execution of the read access. 

30 

(Cycles T2-T6) 

[0129] The slave LSI 1002 outputs read data 
ADout(15:0] (R1[15:0]) which has been made valid on 
the rising edge of the clock signal CLK at the start of 35 
cycle T3, onto bus ADR[15:0]. In the meantime, bus 
ADW(15:0] Is in an idle, "don't care" state. 
[0130] In the same manner, the slave LS1 1 002 out- 
puts R2[15:0], R3[15:0], and R4[15:0] which have been 
made valid on Ihe rising edges at the start of respective to 
cycles T4, T5, and T6, onto bus ADR[1 5:0] in sequence. 
[0131] In cycles T3-T6, the master LSI 1001 
„ sequentially captures R1[15:0]-R4[15:0] from bus 
ADR(15:0) via the input buffers 1006p-1006a and writes 
them into its internal register, each as Datain[15:0]. as 
[0132] As described above, the bus system of the 
seventh embodiment transmits an address, write data, 
and read data through only unidirectional buses, 
thereby facilitating impedance matching and speeding 
up of the clock. so 
[0133] Note here that though an address and 
read/write data are respectively set to be 14 bits long 
and 16 bits long in this embodiment, the lengths of Ihe 
address and the read/write data are not limited to such. 
[0134] Also, though an address and write data are 55 
time division multiplexed starting from their MSBs 
(AddressJ13] and Dataout[15]) in this embodiment, the 
invention is not limited to such, as long as the address 



and the write data are multiplexed bit by bit. 
[01 35] Also, though an address is outputted for two 
clock pulses and the input/output of data which follows 
the address Is commenced after an interval of one clock 
pulse, the timing and duration of outputtlng an address 
or InpuMng/outputting data are determined between 
LSIs that conduct data transfer in consideration of sys- 
tem parameters such as set-up time and hold time, so 
that the invention is not limited to such timing and dura- 
tion as embodied above. 

[0136] Also, the strobe signal STRB, which is used 
in this embodiment to indicate that anything but data 
(e.g. an address) is being transmitted on a bus, is anal- 
ogous to signals such as RAS (Row-Address Strobe) 
and CAS (Column-Address Strobe) used for SDRAMs 
(Synchronous Dynamic Random Access Memories) 
and DRAMs and FRAME* used for PCI (Peripheral 
Component interconnect) interfaces. 
[0137] Further, the bus system In Fig. 15 may be 
modified in such a way as to further Include holding cir- 
cuits 1309p-1309a and holding circuits 2309p-2309a, 
as shown In Fig. 17. 

[0138] In Fig. 17, the holding circuits 1309p-1309a 
are inserted on the input lines of the output buffers 
1005p-1005a in the master LSI 1001, to hold an 
address or data which was last outputted onto bus 
ADW(15:0). In so doing, while bus ADW[15:0] is carry- 
ing neither address nor data (I.e. during idle time of bus 
ADW[15:0]), Ihe address or data held in Ihe holding cir- 
cuits 1309p- 1309a is outputted via the output buffers 
1005p- 1005a onto bus ADW[15:0], thereby maintaining 
bus ADW[1 5:0] high or low. 

[0139] The holding circuits 2309p-2309a are 
inserted on the input lines of the output buffers 1008p- 
1 008a in the slave LS1 1 002, to hold data which was last 
outputted onlo bus ADR[15;0]. In doing so, while bus 
ADR[15:0] is Idle, the data held In the holding circuits 
2309p-2309a Is outputted via the outpul buffers 1 008p- 
1008a onto bus ADR[15:0], thereby maintaining bus 
ADR[15:0]hlghorlow. 

[01 40] Each of the above holding circuits may be 
implemented by a O-type flip-flop, a latch, a transparent 
latch, or the like. 

[0141] Figs. 18A and 18B are respectively a write 
timing diagram and a read timing diagram for the bus 
system shown in Fig. 17. When comparing these timing 
diagrams with Figs. 1 6A and 1 6B, the timing of transmit- 
ting a valid address and data is the same but the follow- 
ing differs with Figs. 16A and 1 6B. In Figs. 1 8A and 1 8B, 
there are no "don't care" states of buses ADW[15:0] and 
ADR[15:0] unlike Figs. 16A and 16B (in which the diag- 
onally shaded areas represent such "don't care" states). 
This is because in Figs. 18A and 18B a bus during its 
idle time is fixed at the same level as an address or data 
that was last outputted onto the bus. 
[0142] Given that the bus lines of bus ADW[15:0] 
and the bus lines of bus ADR(15:0] are alternately 
routed, with the above modification each bus line which 
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is active will end up being sandwiched between bus 
lines whose levels are fixed. This creates guard traces 
along each active bus line. Hence noise such as cross- 
talk caused by increases in transfer rate is effectively 
reduced: Also, since each idle bus line stays at the 5 
same level as il did during the last transmission, an 
unwanted charge or discharge on such a bus line can 
be suppressed, with it being possible to avoid increases 
in power consumption. 

to 

Eighth Embodiment 

[01 43] Fig. 1 9 shows the construction of a bus sys- 
tem according to the eighth embodiment of the inven- 
tion. In the figure, construction elements which are the f5 
same as those in the seventh embodiment shown in Fig. 
15 have been given the same reference numerals and 
their explanation has been omitted, so that the following 
explanation will focus on the differences with the sev- 
enth embodiment. 20 
[0144] The bus system In Fig. 19 differs with the bus 
system in Fig. 15 in that a master LSI 2001 and a slave 
LSI 2002 have replaced the master LSI 1001 and the 
slave LSM002. When compared with the master LSI 
1001, the master LSI 2001 is equipped with an output 25 
switching unit 5003 in place of the output switching unit 
1003 and selectors 5004p-5004c in place of the selec- 
tors 1 004n-1 004a, and is newly equipped with selectors 
5004b and 5004a. 

[01 45] Like the output switching unit 1003 in Fig. 15, 30 
the output switching unit 5003 controls the selectors 
5004p-5004c to select Address[t 3:01 or Dataout[1 5:2]. 
However, unlike the output switching unit 1 003, the out- 
put switching unit 5003 also controls the selectors 
5004p-5004a to select a ground level (or a low level) 35 
when bus ADW[15:0] is idle. 

[0146] The selectors 5004p-5004c receive 
Address! 13:0], Dataout[15:2], and the ground level, 
select one of them under control of the output switching 
unit 5003, and output it through the output buffers ao 
1005p-1 005c onto bus lines ADW[ 15:2]. 
[0147] The selectors 5004b and 5004a receive 
Dataout[1:0] and the ground level, select one of them 
under control of the output switching unit 5003, and out- 
put it through the output buffers 1 005b and 1005a onto 45 
bus lines ADW[1 :0]. 

[0148] When compared with the slave LSI 1002 in 
Fig. 15, the slave LSI 2002 is newly equipped with an 
output switching unit 5006 and selectors 5007p-5007a. 
[0149] The output switching unit 5006 controls the 50 
seleclors 5007p-5007a to select the ground level while 
bus ADR[1 5:0) is being Idle. 

[0150] The selectors 5007p-5007a receive 
A0out[15:0] and the ground level, select one of them 
under control of the output switching unit 5006, and out- 55 
put It through the output buffers 1008p-1008a onto bus 
ADR|15:0|. 

[0151] The above constructed bus system operates 



in the following way. 

[0152] Figs. 20A and 20B are respectively a write 
timing diagram and a read timing diagram for the bus 
system shown in Fig. 19. When comparing these timing 
diagrams with Figs. 16A and 16B, the liming of transmit- 
ting a valid address and data is the same but the follow- 
ing differs with Figs. 16A and 16B. In Figs. 20A and 20B, 
there are no "don't care" states of bus ADW[15:0] and 
bus ADR[15:0] unlike Figs. 16A and 16B (In which the 
diagonally shaded areas represent such "don't care" 
states). This is because in Figs. 20A and 20B a bus dur- 
ing its idle lime is held at ground level (or low level). 
[0153J Given thai the bus lines of bus ADW( 15:0] 
and the bus lines of bus ADR[15:0) are alternately 
routed, with this embodiment each bus line which is 
active will end up being sandwiched between bus lines 
with the ground level. This forms guard traces along 
each active bus line. As a result, not only impedance 
matching is ensured but noise such as crosstalk caused 
by increases in transfer speed is efficiently suppressed. 
[01 54] Though an idle bus is held low in this embod- 
iment, the idle bus may be held high. It is also possible 
to hold some bus lines of the idJe bus low and the others 
high. 

Ninth Embodiment 

[0155] Fig. 21 shows the construction of a bus sys- 
tem according to the ninth embodiment of the invention. 
In the figure, construction elements which are the same 
as those in the eighth embodiment shown In Fig. 19 
have been given the same reference numerals and their 
explanation has been omitted, so thai the following 
explanation will focus on the differences with the eighth 
embodiment. 

[01 56] The bus system In Fig, 21 differs with the bus 
system in Fig. 19 in that a master LSI 3001 and a slave 
LSI 3002 have replaced the master LSI 2001 and the 
slave LSI 2002. 

[0157] When compared with the master LSI 2001 , 
the master LSI 300f includes an output switching unit 
7003 instead of the output switching unit 5003 and Is 
newly equipped with switches 1710p-1 710a. 
[0158] The switches 1710p-1710a toggle on/off 
between the input lines of the input buffers 1006p- 
1006a and ground lines, under control of the output 
switching unit 7003. 

[0159] The output switching unit 7003 has the func- 
tions of the output switching unit 5003 and further pro- 
vides a function of controlling the switches 1710p- 
1710a. More specifically, when having the selectors 
5004p-5004a select the ground level, the output switch- 
ing unit 7003 has the switches 1 71 0p-1710a toggle off. 
Otherwise, the output switching unit 7003 has the 
switches.17l0p-1710a toggle on. 
[0160] When compared with the slave LSI 2002, the 
slave LSI 3002 includes an output switching unit 7006 
Instead of the output switching unit 5006 and is newly 
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equipped with switches 171 1 p-1 71 1a. 
[0161] The switches 1711p-1711a toggle on/off 
between the input lines of the respective input buffers 
1 007p-1007a and ground lines, under control of the out- 
put switching unit 7006. 

[01 62] The output switching unit 7006 has the func- 
tions of the output switching unit 5006 and further pro- 
vides a function of controlling the switches 171 lp- 
171 la. To be more specific, when having the selectors 
5007p-5007a select the ground level, the output switch- 
ing unit 7006 has the switches 171 1p-1711a toggle off. 
Otherwise, the output switching unit 7006 has the 
switches 171 lp-171 1a toggle on. 
[0163] According to the above construction, while 
bus ADW[15:0] is carrying an address or data, the 
switches 1710p-1710a are on and the selectors 5007p- 
5007a setect the ground level, so that bus ADR(15;0] Is 
held at ground level at both ends thereof. This means 
that during active time of bus ADW[15:0) each bus line 
of bus ADW[1 5:0] Is sandwiched between bus lines with 
the ground level. 

[0164] On the other hand, while bus ADR[15:0] is 
carrying data, the switches 1 71 1 p-1 71 1 a are on and the 
selectors 5004 p-5004a select the ground level, so that 
bus ADW[15:0] is held at ground level at both ends 
thereof. This means that during active time of bus 
ADR[15:0] each bus line of bus ADR[15:0] is sand- 
wiched between bus lines with Ihe ground level. 
[0165] With the above bus system, impedance 
matching is ensured without difficulty. Further, since 
both ends of each bus line adjacent to an active bus line 
are brought to ground level, guard traces are formed on 
each active bus line, so that noise such as crosstalk 
caused by increases in transfer rate is efficiently sup- 
pressed. 

[0166] The bus system shown in Fig. 21 may be 
modified such that the switches I710p-I7l0a and the 
switches 17llp-1711a are connected to power lines (or 
high level) instead of ground lines and the selectors 
5004p-5004a and the selectors 5007p-5007a are con- 
nected to power lines (or high level) instead of ground 
lines. In this case, idle bus lines will be held at power 
level (or high level) instead of ground level. 
[0167] Alternatively, the bus system may be modi- 
fied so as to hold some of the idle bus lines at ground 
level (or low level) and the others at power level (or high 
level). 

[0168] Fig. 22 shows anolher variant of the bus sys- 
tem shown in Fig. 21. When compared with Fig. 21, in 
Fig. 22 an output switching unit 6003 has replaced the 
output switching unit 7003, holding circuits 1309p- 
1309a, 1810p-1810a, 2309p-2309a, and 1811p-1811a 
(shown as "FF M in the figure) have been added, selec- 
tors I504n-I504a have replaced the selectors 5004p- 
5004c, the selectors 5004b and 5004a have been 
removed, an output switching unit 8006 has replaced 
the output switching unit 7006, and the selectors 5007p- 
5007a have been removed (notice that part other than 



tho circuitry corresponding to the MSB has been omit- 
ted in the figure). - - - -' - ■ - - 
[0169] The holding circuits 1309p-1309a and 
2309p-2309a are the same as those in Fig. 17, so that 
their explanation has been omitted. 
[0170] The holding circuits 1810p-1810a are 
inserted on the output lines of the respective input buff- 
ers 1006p-1 006a to hold data which was last inputted in 
the input buffers 1006p-1OO6a. The holding circuits 
1810p-1810a may be implemented by D-type flip-flops 
or latches. 

[0171] During active time of bus ADR[15:0], the 
switches I7l0p-I710a are off under control of the out- 
put switching unit 8003. During idle time of bus 
ADR[15:0), on the other hand, the switches 171 Op- 
1710a are on under control of the output switching unit . 
8003 and thereby output the level of the data held in the 
holding circuits 181 Op- 1810a onto the input lines of the 
input buffers 1 006p-1 006a, to maintain the input lines at 
the level of the last inputted data. Thus, when being idle, 
one end of bus ADR[15:0) is held at a previous level by 
the holding circuits 2309p-2309a and the other end ol 
bus ADR(15:0] is held at the same previous level by the 
switches 171 0p-1 710a. 

[0172] The holding circuits 1811p-1811a and the 
switches 1711p-171 1a function in the same way as the 
holding circuits 1810p-1810a and the switches 1710p- 
1710a. Accordingly, when being Idle, one end of bus 
ADW[15:0] is held at a previous level by the holding cir- 
cuits I309p-i 309a and the other end ol bus ADW[15:0] 
is held at the same previous level by the switches 
I7l1p-I7lla. 

[0173] Fig. 23 shows an example circuit of one of 
the switches 171 0p-1 71 0a and 1 71 1 p-1 71 1 a t The illus- 
trated switch is mainly made up of FET switches 901- 
903 and an inverter 904. Here, provided that the switch 
can change its connection state between the power, the 
ground, and no connection in response to a level held in 
a holding circuit and an indication from an output switch- 
ing unit, a construction other than that in Fig. 23 is also 
applicable. 

[0174] With the construction shown in Fig. 22, 
impedance matching is easily ensured. Further, since 
both ends of each bus line adjacent to an active bus line 
are held at the same level (low or high), guard traces are 
formed along each active bus line, so that noise such as 
crosstalk which arises when transfer rates increase is 
effectively reduced. Also, since each idle bus line is' 
maintained at the same level as it did during the last 
transmission, an unwanted charge or discharge on such 
a bus line Is suppressed, with it being possible to avoid 
increases In power consumption. 
[0175] In the bus system in Fig. 22, should an out- 
put resistance of each output buffer and an impedance 
of a bus line corresponding to the output buffer mis- 
match, such mismatches can be resolved by incorporat- 
ing series terminating resistors (damping resistors) 
1010p-1010a and 1011p-1011a as shown in Fig. 24; 
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Here, each damping resistor is preferably inserted as 
close to an output buffer as possible. A resistance R1 of 
each of the damping resistors 1 01 0p-1 01 0a Is such that 
R1=Z1-Zo1 , where Z1 andZol are respectively a char- 
acteristic impedance of a bus line and an output imped- 5 
ance of an output buffer between which the damping 
resistor is coupled. 

[0176] Likewise, a resistance R2 of each of the 
damping resistors I01lp-101la is such that 
R2=Z2-Zo2 , where Z2 and Zo2 are respectively a char- w 
acterlstlc Impedance of a bus line and an output imped- 
ance of an output buffer between which the damping 
resistor is coupled. 

[0177] Although the present Invention has been 
fully described by way of examples with reference to the 15 
accompanying drawings, it is to be noted that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless such changes and 
modifications depart from the scope of the present 
invention, they should be construed as being included 20 
therein. 

Claims 

1 . A bidirectional transmission circuit for inputting/out- 25 
putting a signal from/onto a bidirectional transmis- 
sion line, comprising: 

a transceiver lor transmitting/receiving a signal; 
a first element having an impedance; 30 
a second element being a short line; and 
a switching unit for coupling the transceiver to 
the bidirectional transmission line via the first 
element when the transceiver transmits a sig- 
nal, and coupling the transceiver to the bidirec- 35 
tlonal transmission line via the second element 
when the transceiver receives a signal. 

2. The bidirectional transmission circuit of Claim 1 , 
wherein a combined Impedance of an output 40 
impedance of the transceiver and the impedance of 

the first element matches a characteristic Imped- 
ance of the bidirectional transmission line. 

3. The bidirectional transmission circuit of Claim 2, 45 
wherein the first element is a resistor. 

4. The bidirectional transmission circuit of Claim 2, 
wherein the first element is a driver that amplifies 

an output current of the transceiver. so 

5 . Th e bidirectional transmission circuit of CI aim 2, 
wherein the first element is a combination of a 
resistor and a driver that amplifies an output current 

of the transceiver. 55 

6. The bidirectional transmission circuit ol Claim 2, 
wherein the switching unit has a first switching ele- 



ment and a second switching element which 
inversely toggle between an on state and an off 
state. 

the first switching element and the first element 
are connected in series to form a first series cir- 
cuit, 

the second switching element and the second 
element are connected in series to form a sec- 
ond series circuit, and 

the first series circuit and the second series cir- 
cuit are connected in parallel between the 
transceiver and the bidirectional transmission 
line. 

7. The bidirectional transmission circuit of Claim 6, 
wherein the first switching element and the second 
switching element inversely toggle in response to 
one of a write signal and an output enable signal 
given to the transceiver. 

8. The bidirectional transmission circuit of Claim 2, 
wherein the switching unit has a first switching ele- 
ment and a second switching element which 
inversely toggle between an on state and an off 
state and a third switching element and a fourth 
switching element which inversely toggle between 
the on state and the off state, 

the first switching element and the third switch- 
ing element simultaneously toggle into a same 
state, 

the first switching element, the lirst element, 
and the third switching element are connected 
in series in the stated order, to form a lirst 
series circuit, 

the second switching element, the second ele- 
ment, and the fourth switching element are 
connected in series in the stated order, to form 
a second series circuit, and 
the first series circuit and the second series cir- 
cuit are connected in parallel between the 
transceiver and the bidirectional transmission 
line. 

9. The bidirectional transmission circuit of Claim 6, 
wherein the first switching element and the third 
switching element simultaneously toggle into the 
same state fn response to one of a write signal and 
an output enable signal given to the transceiver, 
and 

the second switching element and the fourth 
switching element simultaneously toggle into a 
same state. 

10. A bidirectional transmission circuit for transmitting a 
signal through a bidirectional transmission line, 
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comprising: 

a first impedance unit positioned between a 
first transceiver that transmits/receives a signal 
and a first end of the bidirectional transmission 5 
line and having a first element and a second 
element, an impedance of the first element 
being greater than an impedance of the second 
element; 

a second impedance unit positioned between a w 
second end of the bidirectional transmission 
line and a second transceiver that transmits/ 
receives a signal and having a third element 
and a fourth element, an impedance of the third 
element being greater than an impedance of is 
the fourth element; 

a first switching unit for coupling the first trans- 
ceiver to the first end via the first element when 
the first transceiver transmits a signal to the 
second transceiver, and coupling the first trans 1 20 
ceiver to the first end via the second element 
when the second transceiver transmits a signal 
to the first transceiver; and 
a second switching unit for coupling the second 
transceiver to the second end via the fourth 25 
element when the first transceiver transmits the 
signal to the second transceiver, and coupling 
the second transceiver to the second end via 
the third element when the second transceiver 
transmits the signal to the first transceiver. 30 

11. The bidirectional transmission circuit of Claim 10, 
wherein a combined impedance of an output 
impedance of the first transceiver and the imped- 
ance of the first element matches a characteristic 35 
impedance of the bidirectional transmission line, 
and a combined impedance of an output imped- 
ance of the second transceiver and the impedance 

of the third element matches the characteristic 
impedance of the bidirectional transmission line, 40 
and 

wherein each of the second element and the fourth 
element is a short tine. 

12. The bidirectional transmission circuit of Claim 11, 45 
wherein the first element is a resistor. 

13. The bidirectional transmission circuit of Claim 11, 
wherein the first element is a driver that amplifies 

an output current of the first transceiver. 50 

14. The bidirectional transmission circuit of Claim 1 1 , 
wherein the first element is a combination of a 
resistor and a driver that amplifies an output current 

of the first transceiver. 55 

15. The bidirectional transmission circuit of Claim 11, 
wherein the first switching unit has a first switching 



element and a second switching element which 
inversely toggle between an on state and an off 
stale, 

the first switching element and the first element 
are connected in series to form a first series cir- 
cuit. 

the second switching element and the second 
element are connected in series to form a sec- 
ond series circuit, 

the first series circuit and the second series cir- 
cuit are connected in parallel between the first 
transceiver and Ihe first end, and 
wherein the second switching unit has a third 
switching element and a fourth switching ele- 
ment which inversely toggle between the on 
state and the off state, 

the third switching element and the third ele- 
ment are connected In series to form a third 
series circuit, 

the fourth switching element and the fourth ele- 
ment are connected in series to form a fourth 
series circuit, and 

the third series circuit and the fourth series cir- 
cuit are connected in parallel between the sec- 
ond end and the second transceiver. 

16. The bidirectional transmission circuit of Claim 15, 
wherein the first switching element toggles in 
response to one of a write signal and an output 
enable signal given to the first transceiver. 

17. The bidirectional transmission circuit of Claim 1 1 , 
wherein the first switching unit has 1st, 2nd, 3rd, 
and 4th switching elements, 

the second switching unit has 6th. 6th, 7th, and 

8th switching elements, 

the 1st switching element, the first element, 

and the 3rd switching element are connected in 

series in the stated order, to form a first series 

circuit. 

the 2nd switching element, the second ele- 
ment, and the 4th switching element are con- 
nected in series in the stated order, to form a 
second series circuit, 

the first series circuit and the second series cir- 
cuit are connected in parallel between the first 
transceiver and the first end, 
the 5th switching element, the third element, 
and the 7th switching element are connected in 
series in the stated order, to form a third series 
circuit, 

the 6th switching element, the fourth element, 
and the 8th switching element are connected in 
series in the stated order, to form a fourth 
series circuit, 

the third series circuit and the fourth series clr- 
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ouit are connected in parallel between the sec- 
ond end and the second transceiver, 
the first switching unit toggles the 1st switching 
element and the 3rd switching element on 
when the first transceiver transmits the signal 5 
to the second transceiver, and toggles the 2nd 
switching element and the 4th switching ele- 
ment on when the second transceiver transmits 
the signal to the first transceiver, and 
the second switching unit toggles the 6th . 10 
switching element and the 8th switching ele- 
ment on when the first transceiver transmits the 
signal to the second transceiver, and toggles 
the 5th switching element and the 7th switching 
element on when the second transceiver trans- 15 
mits the signal to the first transceiver. 

18. A bus system tor transmitting an address and data 
between a first LSI (Large Scale Integrated Circuit) 
that performs an access and a second LSI that is to 20 
be accessed, comprising: 

a first unidirectional bus for transmitting an 
address and data oulputted from the first LSI, 
to the second LSI; and 25 
a second unidirectional bus for transmitting 
data oulputted from the second LSI, to the first 
LSI, 

wherein when the first LSI performs a write 
access, a write address and write data are 30 
transmitted through Ihe first unidirectional bus, 
and when the first LSI performs a read access, 
a read address Is transmitted through the first 
unidirectional bus and read data Is transmitted 
through the second unidirectional bus. 35 

19. The bus system of Claim 18, 

wherein signal lines included in the first unidirec- 
tional bus and signal lines included in the second 
unidirectional bus are alternately routed. 40 

20. The bus system of Claim 19, 

wherein in at least one of the first LSI and the sec- 
ond LSI, input and output terminals that correspond 
to the alternately routed signal lines are alternately 45 
placed. 

21. The bus system of Claim 19, 

wherein in the write access the write data is trans- 
mitted through the first unidirectional bus after the 50 
write address. 

22. The bus system of Claim 19, further comprising 

maintaining means for maintaining, while at 55 
least one of the first unidirectional bus and the 
second unidirectional bus is idle, a potential of 
the idle bus at a fixed level which is one of a low 



leveJ and a high level. 

23. The bus system of Claim 22, 

wherein the maintaining means maintains the 
potential of the idle bus at the fixed level al both 
ends of the idle bus. 

24. A bus system for transmitting an address and data 
between a first LSI that performs an access and a 
second LSi that is to be accessed, comprising: . 

a lirst unidirectional bus lor transmitting an 
address and data oulputted from the first LSI, 
to the second LSI; 

a second unidirectional bus for transmitting 
data outputted from the second LSI, to the first 
LSI; 

first inputting/outputting means equipped within 
the first LSI, for outputting a write address and 
write data onto the first unidirectional bus when 
the first LSI performs a write access, and out- 
putting a read address onto the first unidirec- 
tional bus and inputting read data from the 
second unidirectional bus when the first LSI 
performs a read access; and 
second inputting/outputting means equipped 
within the second LSI, for inputting the write 
address and the write data from the lirst unidi- 
rectional bus in the write access, and inputting 
the read address Irom the first unidirectional 
bus and outputting the read data onto the sec- 
ond unidirectional bus in the read access. 

25. The bus system of Claim 24, 

wherein signal lines included in the first unidirec- 
tional bus and signal lines included in the second 
unidirectional bus are alternately routed. 

26. The bus system of Claim 25, 

wherein in at least one of the first LSI and the sec- 
ond LSI, Input and output terminals that correspond 
to the alternately routed signal lines are alternately 
placed. 

27. The bus system of Claim 25, 

wherein the lirst Inputting/outpuUlng means 
includes: 

multiplexing means for time division multiplex- 
ing the write address and the write data; 
first outputting means for outputting the multi- 
plexed write address and write data onto the 
first unidirectional bus in the write access, and 
outputting the read address onto the first unidi- 
rectional bus in the read access; and 
first inputting means for inputting the read data 
from the second unidirectional bus in the read 
access, and 
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wherein the second inputting/outputting means wherein the second inputting/outputting means fur- 
includes: " - ther includes selecting means lor receiving the read 
second inputting means for inputting the multi- data and the second fixed level, and selecting the 
plexed write address and write data from the read data In the read access and the second fixed 
. first unidirectional bus in the write access, and s level while the second unidirectional bus is idle, and 



inputting the read address from the first unidi- 
rectional bus in the read access; and 
second outputting means for outputting the 
read data onto the second unidirectional bus in 
the read access. w 

28. The bus system of Claim 27, 

wherein the first outputting means outputs a first 
fixed level onto the first unidirectional bus while the 
first unidirectional bus Is idle, the first fixed level is 
being one of a low level and a high level. 

29. The bus system of Claim 28, 
wherein the first inputting/outputting means further 
includes first holding means for holding one of write 
data and a read address which was last outpurted 
by the first outputting means, and, 

the first outputting means outputs a content of 
the first holding means onto the first unidirec- 
tional bus, while the first unidirectional bus is 
idle. 

30. The bus system of Claim 28, 
wherein the multiplexing means receives the write 
address, the write data, and the first fixed level, and 
selects the first fixed level while the first unidirec- 
tional bus is Idle, and 

the first outputting means outputs the first fixed 
level selected by the multiplexing means onto 
the first unidirectional bus, while the first unidi- 
rectional bus is idle. 

31. The bus system of Claim 28, 
wherein the second outputting means outputs a 
second fixed level onto the second unidirectional 
bus while the second unidirectional bus is idle, the 
second fixed level being one of the low level and the 
high level. 

32. The. bus system of Claim 31 , 
wherein the second inputting/outputting means, fur- 
ther includes second holding means for holding 
read data which was last outpurted by the second 
outputting means, and 

the second outputting means outputs a content 
of the second holding means onto the second 
unidirectional bus, while the second unidirec- 
tional bus is idle. 



the second outputting means outputs the sec- 
ond fixed level selected by the selecting means 
onto the second unidirectional bus, while the 
second unidirectional bus is idle. 

34. The bus system of Claim 31 , 

wherein the first inputting/outputting means further 
includes first maintaining means for maintaining, 
while the second unidirectional bus is idle, a poten- 
tial ol the second unidirectional bus at the second 
fixed level at an input port of the first inputting 
means, and 

the second inputting/outputting means further 
includes second maintaining means for main- 
taining, while the first unidirectional bus is Idle, 
a potential of the first unidirectional bus at the 
first fixed level at an input port of the second 
inputting means. 
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33. The bus system of Claim 31 , 
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